The Interacting Boson Model is applied to the even Kr 90 76− isotopes. Excitation energies, electromagnetic transition strengths, quadrupole and magnetic dipole moments, and δ (E2/M1) multiple mixing ratios, monopole transitions and mixed symmetry states have been described systematically. It is seen that the properties of low-lying levels in these isotopes, for which the comparison between experiment and IBM-2 calculations is possible, can be satisfactorily characterized by the Interacting Boson Model-2 (IBM-2).
INTRODUCTION
The even-even [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] Kr isotopes are the members of the chain existing around the mass region 80 ≅ A and they are settled away from both the proton closed-shell number at 28 and neutron closed shell at 50. The interacting boson model-2 (IBM-2) has recently been applied to many light isotopes of Kr with emphasizing on the energy levels and on the electromagnetic transition probabilities rates.
Several theoretical and experimental studies of even-even Kr isotopes have been carried out Kaup, Gellberg (1979) , while some have performed systematic analysis of Kr isotopes in IBM-2, and reproduced energy levels. Hellmeister, Keinonen (1979) studied the energy levels and electric transition probability and compared with experimental data.., Meyer et al (1984) investigated the nuclear structure of the 82 Kr isotope , using in-beam spectroscopy studies and compare the experimental data with the results of IBM-2.
[ Glannatiempo et al., 4(1993) Kr isotope and compared with the calculated value of IBM-2. Deibaksh et al., (1995) have performed the IBM-2 calculation on Kr isotopes, using two-different approaches. The first approach based on the energy of bosons that 2 . Giannatiempo et al., (2000) studied the symmetry property of the bands in [74] [75] [76] [77] [78] [79] [80] [81] [82] Kr isotopes by calculating F-spin and the d n component of the wave function of the states of these bands.
., Shi Zhu-Yi et al (2003) carried out a study by using a microscopic sd IBM-2+2q.p. approach, the levels of the ground-band, γ -band and partial two-quasiparticle bands for [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] Kr isotopes are calculated. The data obtained are in good agreement with the experimental results, and successfully reproduce the nuclear shape phase transition of
The Model
The IBM-2 the structure of the collective states in even-even nuclei is calculated by considering a system of interacting neutron (ν) and proton (π) boson s( The quadrupole moment Q ρ is in the form of equation (2), for simplicity, the χ ρ has the same value as in the Hamiltonian. This is also suggests that the single j-shell microscopy, π e and υ e are proton and neutron boson effective charges respectively. In general, the E2 transition results are not sensitive to the choice of e ν and e π , whether e ν = e π or not.
The reduced electric quadrupole transition probability B (E2) is given by:
The M1transition operator is given by:
is the neutron and (proton) angular momentum operator
where π g and υ g are the effective boson (proton, neutron) gyromagnetic -factors.
The reduced magnetic dipole transition probability B(M1) is given by:
In the IBM-2, the monopole transition (E0) operator is given by [18] 
which is related to the transition matrix ) 0 (E ρ by the expression Subber et al (1987) ( 5) where R 0 is the nuclear radius constant (R 0 =1.25*10 -15
m)
The Monopole transition probability is defined by 
RESULTS AND DISCUSSION

1-Hamiltonian Interaction Parameters
Since the Hamiltonian contain many parameters, it is unpractical and not very meaningful to vary all parameters freely. Instead, it is convenient to use the behaviour of the parameters predicted by a microscopic point of view as a zeroth-order approximation. In a simple shell-model picture based upon degenerate single nucleon levels, Otsuka et al (1978) the expected dependence of 
In realistic cases, the estimates of eq.1 are expected to be valid only approximately. In our approach, we have imposed somewhat weaker constrains on the parameters: (i) it is assumed that within a series of isotones 
Energy Spectra
The calculated excitation energies of positive parity levels to [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] Kr isotopes are given in table 1 and displayed in Figures.(1-7) . The agreement between the calculated and experimental values is satisfactory.
Using the parameters in table 1, the estimated energy levels are shown in the figures, along with experimental energy levels. As can be seen, the agreement between experiment and theory is quite good and the general features are reproduced well. We observe the discrepancy between theory and experiment for high spin states. But one must be careful in comparing theory with experiment, since all calculated states have a collective nature, whereas some of the experimental states may have a particle-like structure. Behaviour of the character and we used the multiple expansion form of the Hamiltonian for our approximation.
The shape transition predicted by this study is consistent with the spectroscopic data for these nuclei. Kr are typical examples of isotopes that exhibit a smooth phase transition from vibrational nuclei SU(5) to soft triaxial rotors O(6) ( Turkan et al., in 2006) . 
Table2: Energy ratio
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3-Electric Transition Probability
The effective boson charges π e and ν e were calculated by plotting M against π ν N N / where Subber et al (1986) for the
where B(E2) is the reduced transition probability, π N and ν N are the boson numbers of proton and neutron respectively,
is the total boson number. The difference between the effective charge and the charge of the single nucleon is referred to as the polarization charge. The value of effective charge may depend somewhat on the orbit of the nucleon. In particular, the polarization effect decreases when the binding energy of the nucleon becomes small. (5) It is well known that absolute gamma ray transition probabilities offer the possibility of a very sensitive test of nuclear models and the majority of the information on the nature of the ground state has come from studies of the energy level spacing. The transition probability values of the exited state in the ground state band constitute another source of nuclear information. Yrast levels of even-even nuclei (I i = 2, 4, 6,.....) usually decay by E2 transition to the lower lying yrast level with 
4-Magnetic Transition Probability
The B(M1) reduced transition probabilities were calculated using eq.6, and the boson gyromagnetic factors π g , isotopes it was shown that the inclusion of excitations across the major shell and two quasi-particle states is important. One excepts that also for N . As will be better shown below, the former effect is the related to the shell structure of the orbits, while the latter is related to the average number of proton and neutron boson taking part in the collective motion. Experimental data are taken from AL-Khudair, Gui-Lu (2004) , ENSDF, http:// www.nndc.bnl.gov/ensdf, National Nuclear Data Centre, (2011).
-Mixing Ratio
for Kr isotopes, depends on the equation Lang et al (1982) .
These are compared with experimental and theoretical results in table 5, where one can see good agreement with estimated and experimental values. The variations in sign of the E2/M1 mixing ratios from one nucleus to another for the same class of transitions, and within a given nucleus for transitions from different spin states, suggest that a microscopic approach is needed to explain the data theoretically. For such reason, the sign of the mixing ratio is not taken into consideration. Sign convention of mixing ratios has been explained in detail by . [Lange et al (1982) These results exhibit disagreement in some cases, with one case showing disagreement in sign. However, it is a ratio between very small quantities and any change in the dominator that will have a great influence on the ratio. The large calculated value for
is not due to a dominate E2 transition, but may be under the effect of very small M1 component in the transition. Moreover, the large predicted value for transition
80 Kr compared with experimental value may be related to high predicted energy level value of the IBM-2;
.287 MeV, while the experimental value is 1.256 MeV. We are unable to bring the energy value of this state close to experimental value simply by changing the Majorana parameters. 
-Electric Monopole Matrix Element
The E0 transition occurs between two states of the same spin and parity by transferring the energy and zero units of angular momentum, and it has no competing gamma ray. The E0 transition is present when there is a change in the surface of the nucleus. For example, in nuclear models where the surface is assumed fixed, E0 transitions are strictly forbidden, such as in shell and IBM models. Electric monopole transitions are completely under the penetration effect of atomic electrons on the nucleus, and can occur not only in , monopole pair production is also possible.
The E0 reduced transition probability is given in eq. 9. The parameters in equation 9,can be predicted from the isotope shift [20] (see table 7 ), since such data are not available for Kr isotopes, we calculate these parameters by fitting procedure into two experimental values of isotopic shifts (equation (2-59) ). The parameters which were subsequently used to evaluate the ) 0 (E ρ -values were; β 0π = 0.062 eb , β 0ν = −0.021 eb and γ 0v =0.032 fm 2 . From the table 6, in general there is no experimental data to compare with the IBM-2 calculations. The monopole matrix element is important for nuclear structure and the model predictions due to their sensitivity for the nuclear shape. We conclude that more experimental work is needed to clarify the band structure and investigate an acceptable degree of agreement between the predictions of the models and the experimental data.
We also find good agreement between the calculated and experimental values for isotope shifts for all mercury isotopes (table 7) but the isomer shift result for Kr isotopes is in poor agreement with the experimental value. The energy fit to several levels is very sensitive to the parameters in the Majorana term which also strongly influence the magnitude and sign of the multipole mixing ratios of many transitions. In particular we find that the calculated energies of a number of states are affected in a very similar way and these might be considered to have a mixed-symmetry origin, or contain substantial mixed-symmetry components. Those with a mixed-symmetry origin have no counterpart in IBM-1. The energy dependence of the Scholten et al (1985) .
The influence of the parameters on these states is shown in table 1. The 2 ξ term strongly affects the energies of all of the levels considered to have a mixed-symmetry character or to contain mixed-symmetry components. In obtaining this plot, the 1 ξ and 3 ξ terms were maintained at their best-fit values. The mixing ratio data, discussed in the above section have a strong dependence on 2 ξ and show that 2 ξ cannot be zero in our fit. 
CONCLUSION
We have presented results of calculations of the properties of the [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] Kr isotopes and found in many cases good agreement between our calculations and experiment. However, we have also found out from [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] Kr isotopes, that there are several 0 + states whose properties can not be reproduced by our calculations. These intruder states are presumably associated with other with the other low-lying degrees of freedom. Since they appear to be present also in other mass regions, it is clear that they must be explicitly included in the calculations if one wants to describe all observed low-lying states.
The shape transition predicted by this study is consistent with the spectroscopic data for [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] Kr are typical examples of isotopes that exhibit a smooth phase transition from vibrational nuclei to soft triaxial rotors U(5)→O(6). The comparison of some B(E2), B(M1), mixing ratios for these isotopes with the experimental data show that these isotopes exist along the U(5)-O(6) side of the IBM triangle. g r o . s l a n r u o j g . www
